Mimulus ringens L. (Phrymaceae) is a herbaceous perennial native to wetlands of central and eastern North America. This species and several congeners have become model systems for fi eld and laboratory studies of mating system evolution ( Dudash et al., 2005 ; Wu et al., 2008 ; Karron et al., 2009 ; . Mimulus ringens plants produce showy displays of one to 15 large (2 cm), hermaphroditic fl owers that are primarily pollinated by bumblebees ( Bombus ; Mitchell et al., 2004 ) . The self-compatible fl owers have a mixed mating system, with considerable variation in selfi ng rate (0-100%; Karron et al., 2009 ) and number of pollen donors/fruit (typically 2-8; Mitchell et al., 2005 ) . Siring success and functional gender vary markedly as a function of increasing fl oral display size . Here we describe 42 polymorphic microsatellite markers for a single population of M. ringens , and discuss how these highly polymorphic markers will enhance studies of mating patterns in this species. Varadarajan and Prakash (1991) for isolation of microsatellite loci. An Illumina paired-end shotgun library was then prepared by shearing 1 μ g of DNA using a Covaris S220 (Covaris, Woburn, Massachusetts, USA) and following the standard protocol of the Illumina TruSeq DNA Library Kit (Illumina, San Diego, California, USA), using a multiplex identifi er adapter index. This library was pooled with those of other species and Illumina sequencing was conducted on the HiSeq with 100-bp paired-end reads. Five million of the resulting reads were analyzed with the program PAL_FINDER_ v0.02.03 ( Castoe et al., 2012 ) to extract those reads that contained di-, tri-, tetra-, penta-, and hexanucleotide microsatellites. Once positive reads were identifi ed in PAL_FINDER_v0.02.03, they were batched to a local installation of the program Primer3 version 2.0.0 ( Rozen and Skaletsky, 2000 ; http://frodo. wi.mit.edu/) for primer design. To avoid issues with copy number of the primer sequence in the genome, loci for which the primer sequences only occurred one or two times in the 5 million reads were selected. Ninety-six loci of the 2610 that met this criterion were chosen. For each primer pair, a universal CAG tag was added to the 5 ′ end of one primer and the sequence GTTT was added to the 5 ′ end of the other primer.
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METHODS AND RESULTS

Twenty
DNA was extracted from leaf tissue of each of the 24 remaining individuals using the QIAGEN Plant Mini Kit (QIAGEN, Valencia, California, USA). • Premise of the study: Microsatellite markers were isolated and characterized in Mimulus ringens (Phrymaceae), a herbaceous wetland perennial, to facilitate studies of mating patterns and population genetic structure.
• Methods and Results: A total of 42 polymorphic loci were identifi ed from a sample of 24 individuals from a single population in Ohio, USA. The number of alleles per locus ranged from two to nine, and median observed heterozygosity was 0.435.
• Conclusions: This large number of polymorphic loci will enable researchers to quantify male fi tness, patterns of multiple paternity, selfi ng, and biparental inbreeding in large natural populations of this species. These markers will also permit detailed study of fi ne-scale patterns of genetic structure.
Key words: Illumina paired-end; microsatellite; Mimulus ringens ; PAL-fi nder; PCR primers; simple sequence repeat markers. Ninety-six primer pairs were tested for amplifi cation and polymorphism using DNA obtained from four individuals. To avoid running out of samples, the set of four individuals used for initial screening was rotated, but all came from the same set of 24 individuals. All PCR amplifi cations were performed in a 12. For other loci, a standard thermal cycling program was used with an initial denaturation step of 5 min at 95 ° C followed by 40 cycles of 95 ° C for 30 s, 65 ° C for 30 s, and 72 ° C for 30 s. PCR products were subjected to fragment analysis using an ABI 3130xl sequencer (Applied Biosystems) and sized with Naurox size standard prepared as described in DeWoody et al. (2004) , except that unlabeled primers started with GTTT. Results were analyzed using GeneMapper version 3.7 (Applied Biosystems). Forty-two of the 96 primer pairs tested amplifi ed high-quality PCR products that exhibited polymorphism ( Table 1 ) . Variability of the 42 polymorphic loci was assessed in all 24 individuals. Characteristics of each locus are summarized in Table 1 , and patterns of genetic polymorphism are summarized in Table 2 . The number of alleles ranged from two to nine, median observed heterozygosity was 0.435, and fragment size ranged from 118 to 503 base pairs. The number of alleles per locus and observed heterozygosity were estimated using GenAlEx version 6.4 ( Peakall and Smouse, 2006 ) .
CONCLUSIONS
Identifi cation of 42 polymorphic loci in a single population of M. ringens provides important new opportunities for linking pollinator movements with resulting patterns of paternity. The total probability of paternal exclusion across the 12 most polymorphic loci is 0.999 ( Peakall and Smouse, 2006 ) , facilitating detailed studies of the effects of fl oral traits on siring success. These markers will also greatly enhance studies of biparental inbreeding, a parameter that has been very diffi cult to measure accurately in natural populations . Finally, these markers will be useful for studies of mate diversity within fruits, permitting detailed studies of the ecological and evolutionary factors infl uencing variation in mate diversity within and among individuals. LITERATURE CITED Note : A = number of alleles; H o = observed heterozygosity; N = number of individuals screened.
